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Introduction 
Traditional space borne submillimeter-wave sources 

Currently most of the ground and non-ground based heterodyne 
receivers utilize this technology 
Gundtr ansi t - time device s 

- Gunn diode + whisker contacted Schottky diode multipliers 

- 100 GHz InP Gunn, 200 mW (Eisele, UMich) 
- 3.5 mW at 200 GHz, 1 mW at 300 GHz 

- BWO+tripler, 15 mW at 1500 GHz (RPGmbH) 
- Gunn+tripler+tripler, 50 mW at 1000 GHz 

Whisker contacted varac t ors 
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Introduction 

Limitations of Gunn diodes plus whisker contacts 
- Instantaneous bandwidth of Gudtransit-time devices is limited 
- Power combining is difficult 
- Whisker contacted diodes are extremely difficult to assemble 
- multiple diode configurations are not readily possible 
- complicated phase lock loops are required for frequency 

stability 
- Commercial viability of Gunn diodes is uncertain 
- Cryogenic operation is risky (thermal cycling specifically) 
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Multipliers for Space 

Applications 
- Astrophysics--origin of universe, star formation, . . . 
- Remote sensing--atmospheric analysis, planetary . . inve s t ig ati ons 

Requirements 
- Performance--high efficiency, bandwidth, stability 
- Milliwatt’s of power is required for Schottky diode mixers, 

10’s of microwatts for SIS mixers, and a couple of microwatts 
for HEB mixers 

- Mechanical--stability, compact, low mass, thermal viability 
- Environmental--radiation, vibration, thermal 
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TRW MMIC PA Chip 

0.1 um PHEMT process 
50 um thick substrate 
ft = 200 GHz 
64 finger device cell (output) 
on-chip bias network 
50 ohm matching in/out 
2.3 mm x 1.8 mm 

Driver Power 
Amp Amp 

300 - -  

2 
g, 200 - 
c 
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0 
n 
U 

Driver Power 
Amp Amp 

85 90 95 100 105 110 

Frequency [GHz] 

Figure 2. Power output from single and dual power combined packaged TRW MMIC amplifiers at 
W-band. 

Ref: R. Lai et. all "A high efficiency 0.15 um 2-mil thick InGaAslAlGaAslGaAs V-band 
power HEMT MMIC," IEEE GaAs IC Symposium Digest, Nov. 1996. 
M. D. Biedenbender et al, "A 0.1 um W-band HEMT production process for high yield 
and high performance low noise and power MMIC's," 16th GaAs IC Symposium, 1994. 
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lSt Multiplier stage, Discrete Chips 

Performance at room temperature 
(Erickson, STT 2000) 
Able to handle 220 mW of input power 
> 30% efficiency, 65 mW at 150 GHz 

DC Bias 

! Chip soldered to block 
! Bondwire connects 

chip to DC Bias Cap 

Q: Can this approach be extended in frequency? 
10 
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A: Yes-but it gets very difficult to implement 
Solution: Integrate circuitry with device ! 

JPL 
“Substrateless” Frame 

DC Bias 

GaAs Frame 

output - 
Integrated 
Diodes & 

Beam Leads 

d P U h  
! All chip connections to block 

made with beam leads 

Q: Can this technology be scaled higher? ! Diodes integrated into circuit 
! GaAs under metal removed for 

low loss 11 
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Solution: remove all of the GaAs substrate ! 

Membrane Devices 

Membrane is 3 microns thick 
Extensive use of beam-leads 
Extremely simplified assembly 
Bias less design 

Q: Can this technology be scaled higher? 
A: Demonstrated up to 2700 GHz! 
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orted Device Processes 
LF HF 

(a) ohmic, n GaAs, n+ GaAs 
(a) ohmic, , n GaAs 

(h\ E-beam Schottky contact 

I -  sapphire 

beam lead / 
metal membrane 

Fig. 1 
(b) Interconnect metal and air-bridged Schottky deposition, 

Low Frequency process. (a) Ohmic and mesa definition. 

b sapphire 

Fig. 2 
Interconnect  metal  and e-beam-defined Schot tky deposit ion,  fol lowed by 

High Frequency process.  (a)  O h m i c  and mesa  definit ion.  (h)- 
. ,  - - -  

followed by passivation and bridge metal definition. passivation and bridge metal  1 definit ion.  (c)  M e m b r a n e  layer  etch 

(e) Release o f  device from carrier wafer .  (d) Backside thinning and device separation. (e) ~~l~~~~ of device from wafer. and bridge metal  2 deposit ion.  (d) Remova l  o f  substrate with selective etch.  
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Discrete devices 

Frameless membrane devices Monolithic substrateless devices 

Framed 
membrane 
based 
devices 
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Some more devices.. . 
140 GHz chip 

595 GHz Tripler 

11 

900 GHz trider 
I 
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Three-Step Multiplier Design Strategy 

@ Full Structure 
Analyzed at 

1. Optimize Diode 

Full Structure 
Analyzed at 

Optimize diode size and find embedding 
impedances using harmonic balance 
simulator and diode model. 

3. Calculate Performance 

Waveguide 
Input 
Port 

2. Design Linear Circuit 
HFSS Probe Transmission Lines I I Mode, 

\ 
k I I 

HFSS Model of 9 9  
Diodes in Waveguide 

+ em bedding impedances 

/ Backshort 

Diode 3 
Models I 

Input 1-1 Output 
Frequency 
with HFSS 

Frequency 
with HFSS 

4 
Waveguide 

output 
Port 
4 
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400 GHz Doubler, uses 4 diodes 

Higher frequencies require: 
Higher precision machining 
Higher doping - 2-4x1 017 

On chip DC bias Capacitor 
All have been demonstrated. 

18 
800 GHz Doublers, 2 diodes 
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200 GHz Doubler Performance 
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400 GHz Doubler Performance 
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~ 2 x 2 ~ 2  Chain to 800 GHz 
800D ES2 10210022- X I  SNOOI 

LF2 4e17,l pox1 pl-STM4 -1 5 um thick IV#2301 
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SUCCESSFUL DEMONSTRATION OF AN HEB MIXER 

7 

2 

3 m  

C 

S 

. 

.cI 

L 

0 

200 

150 

100 

50 

0 
0 

F 
b 
\ I 

I 

/ 

2 3 
Voltage [mV] 

4 5 

VL0 = 1.525 THz 

Pabs = 13 - 16 nW 

Pinc = 80 - 100 nW 
(includes mixer and 
window losses only) 

I, = 137 pA 

R N = 3 4 a  

A. Maestrini, W. McGrath, I. Mehdi, J. Kawamura, N. Erickson, B. Bumble, 
SPlE Conf, August 2002, lmran Mehdi/JPL 

25 



... 4
.

4
.

 

I 
I 

I 
I 

I 
I 

I 
, 

I 
I 

I 
I 

I 
1 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

1 
I 

I 
.y 

I 

0
 

0
 

0
 

r
 

r
 

r
 

0
 

0
 

0
 

0
 

0
 

F
 

0
 

0
 

0
 

F
 

0
 

0
 

r
 

0
 
0
 

F
 

0
 

0
 
0
 

c
 

2 E 
ni 
- 0
 
0
 

L
 

0
 

0
 

w a v
)
 



0
 

0
 

r
 

8
1

 
8

 

I 
I I 

I I I I I I I I I I I I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

0
 

r
 

r
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

r
 



Output Power vs Block Temperature 
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Current status of LO Sources at 60-120K 
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-100 GHz 

5 mW 

Planar Diode properties: 
Membrane thickness: 3 micron 
doping: 5 x ioi7 cmm3 
Anode dimensions: 0.14 x 0.6 um 

-200 GHz 

40 mW 

I -1250 
300 mW I GHz 

0.3 mW 

~ Z H Z  

YTO 

-400 GHZ (0.3%) 
10 mW 

*.. .** .. 
15-18 GHz GHz 

-100 GHz 

300 mW 

-200 GHz 
-100 GHz ' (25%) - '  40 mW 

5 mW 

Figure 1. Schematic of t6e all-solid-state source to 2500 GHz. Dashed outlined components are either 
commercially available or have already been demonstrated in our laboratory. Solid outlined components are to 
be developed under this proposal. 
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Concluding Remarks 

Planar 
capable 

diode chains driven with high power PAS are 
of pumping mixers well into the THz range. 

Robust chains that can be cooled have been successfully 
demonstrated. 

Emerging technologies show potential and can 
complement Schottky diode chains 
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Improve bandwidth-better designs, re-configurable 
circuits 

Simplify chain construction-micro-machined blocks, 
increased integration 

Arrays-quasi optical techniques, leverage MEMs 
knowledge 

Flight qualification-toleramt designs, proven technology 
Implementation-diversified skill mix, better machining, 

better testing procedure s 
Planar devices-increase yield, increase throughput and 

uniformity, reduce time to completion 
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NASA led concerted effort of the last three years has now made it 
possible to realistically baseline solid state LO sources well into 
the THz range. However, it continues to be a niche technology 
highly dependent on NASA sponsorship. After Herschel further 
technology development will be directly proportional to the quality 
and quantity of NASA support. 

Even to sustain the current capability NASA support will be 
required 

... . . . ’, , .~ .  _ ”  -, , . 
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Vibration Test on the Substrateless MMCs 

Test I specifications 
20 Hz--0.001 g2/Hz 
20- 100 Hz--+GdB/oct 
100-500 Hz--O.l,O.2,0.4,0.6,0.8,1.0,1.2 g2/Hz 
500-2000 Hz-- -6dB/oct 
Overall: 7.9,10.9,15,18,2 1,23,28 GRMS 
Duration: 60 seconds 

0 

Test I1 specifications 
20 Hz--O.OOl g2/Hz 
20- 100 Hz--+6dB/oct 
100-1000 Hz--0.8 g 2 / H Z  
1000-2000 Hz-- -6dB/oct 
Overall: 28.7 GRMS 
Duration: 440 seconds 

Pre and post vibration test I(V) 
for 200 & 400 GHz Substrateless blocks 

10.000 

500 1000 1500 2000 2500 

v, "1 

200GHz-BT 
0 200GHz-AT 
e 400GHz-BT 
0 400GHz-AT 

no change in I(V) 
no change in RF 

(only 200 GHz measured) 
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Chip thermal design 

Tmax vs. P(dissipated) 

Chip thermal model--conduction only 
.Thicker metalization (1.6 um) 
.wider beam leads (60 um) 
.shorter beam leads (10 um) 
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Transmission Lines 
Linear Circuit 

Full Structure 
Analyzed at 

with HFSS 

output 
Frequency 

HFSS Probe 
Model 

0 
Waveguide 

Port 
output 

0 

HFSS Filter 

HFSS Backshort 

HFSS Model of Diodes in Waveguide 
+ embedding impedances from non- 

linear diode optimization 

Diode 
Models 

Non-Linear Circuit 
1 

b 
Waveguide 

Input 
Port 
b 

I I 
Full Structure1 
Analyzed at 

Input 1- 
Frequency 
with HFSS 
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